This paper presents a boundary meshless method (BMLM) for transient eddy current problems. With difference to the traditional boundary element method (BEM), the BMLM combines a point interpolation method (PIM) for construction of spatial interpolation functions with a boundary integral formulation for the governing equations, thus the spatial interpolation functions satisfy the Kronecker delta function and the essential boundary condition can be directly imposed without any other procedure. Theoretical analysis in details is given and a transient eddy current example is also presented to prove the proposed theory.
I. INTRODUCTION

B
OUNDARY element methods (BEMs) are attractive and important computational techniques for reducing the dimensionality of solving problems. The construction of interpolation functions and the discretization are two key steps of BEMs. Using a scattered set of points instead of using elements or panels, the complex mesh generation process can be alleviated. Several boundary-type meshless methods have been developed for many potential and elastic problems [1] , [2] , they need no discretization of the boundary and are proven as robust numerical methods. But very few of them are used to solve electromagnetic problems, say nothing of transient eddy current problems. This may be due to the fact that more modification is needed in transient analysis when compared with static analysis [3] , [4] .
In this paper, a boundary meshless method (BMLM) for transient analysis is presented. With difference to traditional BEMs, the BMLM combines a point interpolation method (PIM) for construction of spatial shape functions for the governing equations, thus the spatial shape functions satisfy the Kronecker delta function and the essential boundary condition can be directly imposed on the boundary. Then, the theoretical analysis is given in details, and an example is also illustrated to prove the proposed theory of the BMLM.
II. POINT INTERPOLATION ON CURVES
Consider a two-dimensional (2-D) domain with boundary , as shown in Fig. 1 . In using BMLM, only the boundary of the problem domain is represented using nodes. The PIM is constructed on the one-dimensional (1-D) bounding curve of 2-D domain using a set of discrete nodes on . As in the conventional BEM method, and are constructed independently using the PIM shape function as The shape function satisfies the Kronecker delta function as (8) Therefore, the shape functions constructed have the delta function property and the essential boundary conditions can be easily imposed as in traditional BEMs.
It should be pointed out that the accuracy of the interpolation depends on the number of nodes in the support domain of a quadrature point. Therefore, a suitable support domain should be chosen to ensure a proper area of coverage for interpolation. To define the support domain for a point , a curvilinear support domain is used. The arc length of the curvilinear domain is computed by (9) where is the dimensionless size of the support domain and is a characteristic length related to the nodal spacing near the point at . A suitable choice of is 3 to 5 points in the support domain for interpolation.
III. TRANSIENT EDDY CURRENT PROBLEM
The full set of equations for a low-frequency electromagnetic field can be now written as (10.a) (10.b)
where and are the eddy current and source current, respectively. For a linear conductive medium, with Lorentz gauge, the equivalent form by using the magnetic potential vector of (10) can be written as Solving (18) step by step in the time domain, the unknown value of and on the boundary at any time can be obtained. Equation (14) is used again with the same procedure as (19), and other unknown values of and in solving the domain can also be obtained. 
V. NUMERICAL EXAMPLE
In order to verify the proposed method, a metal column with infinite length is magnetized here. Its cross section of one quadrant is shown as Fig. 2 . The parameters of the size and the medium type are , , , and . At time , a step magnetic field with direction is imposed on the outer surface of the metal column. Points , , and are investigated here to compare the analytical solution and the numerical one by using the proposed method (BMLM). The corresponding initial-boundary problem is in at on at on at in at .
(20) Fig. 3 shows the numerical solution by BMLM and the analytical one. The results yielded by using the proposed method are found to be in good agreement with the analytical solution. The eddy current distribution in the whole metal column domain and the eddy current density on symmetry axis are also given by using of the proposed method (Figs. 4 and 5) . These prove that BMLM is an effective technique to analyze and solve transient eddy current problems.
VI. CONCLUSION
A boundary meshless method (BMLM) for transient current problems is presented in this paper. The numerical example proves that BMLM is both elegant and effective. With comparison to the conventional boundary element method (BEM), BMLM uses a scattered set of points instead of elements and should be more flexible than the latter one, which also encounters difficulties in the treatment of discontinuities that might not necessarily coincide with the element boundaries. Further work is in progress to test the method in more realistic problems such as large geometrical deformation and the propagating cracks in nondestructive evaluation.
